Starting from milbemycin D (1), milbemycin A4 (2) and milbemycin A3 (3), a series of 5-keto-5-oxime derivatives were synthesized by selective oximation at the a,/?-conjugated carbonyl function of the 5-ketomilbemycins (4-6). The activities of the synthesized compoundswere studied in dogs naturally infested with microfilariae of Dirofilaria immitis. The 5-keto-5-oximes of milbemycin D (7), A4 (8) and A3 (9) had quite high efficacy to control the microfilariae and more potency than their parents, while the 5-O-acyl oximes (ll-15) also exhibited high activity. The synthesis of the 5-keto-5-oxime derivatives is shown in Scheme 1. The 5-keto intermediates ofmilbemycin A3 (6) and A4 (5) were also isolated from a culture broth of Streptomyces hygroscopicus, and were named 2615 milbemycin J and K, respectively
The synthesis of the 5-keto-5-oxime derivatives is shown in Scheme 1. intermediates ofmilbemycin A3 (6) and A4 (5) were also isolated from a culture broth of Streptomyces hygroscopicus, and were named 2615 milbemycin J and K, respectively.1* Milbemycin D has been reported to be transformed to the corresponding keto derivative by the general oxidation method.6) We adopted active manganese dioxide for the oxidation of milbemycins (1) (2) (3) to afford 5-ketomilbemycins (4) (5) (6) in 70-80% yields. By other oxidation reactions such as Jones oxidation,7* Swern oxidation8* and Collins oxidation,9* 5-ketomilbemycins were also obtained in rather low yields (50-60%). Oximation ofa,/?-unsaturated ketones (4-6) with hydroxylamine hydrochloride (hydroxylamine hydrochloride in dioxane-methanol-water) gave 5-ketomilbemycin-5-oximes (7) (8) (9) exclusively in high yields.
On the other hand, the use of free hydroxylamine (hydroxylamine hydrochloride-sodiumacetate in methanol) in the reaction of 4 afforded an undesired bis-adduct (10, 34.9%) in addition to 7 (22.8%) . It is important, therefore, to use the hydrochloride salt of hydroxylamine as a weaker nucleophile for selective oximation at the 5-position of the a,/?-conjugated carbonyl group in the inter- Scheme 1. were further converted to 5-0-acetyloximes (ll and 12), 5-0-ethoxycarbonyloxime (13), 5-0-methylcarbamoyloxime (14) and 5-0-dimeth-
The activities of the synthesized compounds were studied in dogs naturally infested with microfilariae of Dirofilaria immitis,10) the results being summarized in Table I . Parent 5-hydroxy milbemycin D (1) and A4 (2), excepting A3 (3), showed high activity, whereas 5-ketomilbemycin A4 (5) exhibited only moderate activity.
To our delight, the 5-keto-5-oxime derivatives exhibited high activity.
Especially, the 5-keto-5-oximes of milbemycin D (7) and A4 (8) , and 5-ketomilbemycin A4 5-Keto-5-oxime of milbemycin A3 (9) also had high activity against microfilariae and more potency than the parent.
In the structure-activity relationship at the 5-position of milbemycins, the hydroxyimino function turned out not only to act as a bioisostere of the hydroxyl function, but to potentiate the activity against microfilariae. Recently, a mixture of 5-keto-5-oximes of milbemycin A4 and A3 (A4:A3=80:20) was launched as a parasiticide for dogs in U.S.A. (15.6g). The mixture was vigorously stirred for 2hr at room temperature, and the reaction mixture was filtered through Celite®. The filtrate was evaporated under reduced pressure to give a residue, which was purified by silica gel column chromatography with hexane-ethyl acetate (5 : 1) to afford 4 (1.59g, 80%). IR vmax (KBr) cm" 1: 3470, 2961, 2928,2870, 1739, 1715, 1685, 1641, 1457, 1435, 1384, 1368, 1336, 1315, 1275, 1244, 1181, 1119, 1046, 1009, 887. ]H-NMR (CDC13) S: 6.58-6.57 (1H, m, H-C(3)); 5.87 (1H, dt,Jd=11.3Hz,Jt=2.4Hz,H-C (9) 2) 5-Ketomilbemycin A4 (5) and A3 (6) . By a MnO2 oxidation similar to that just described, milbemycin A4 (2) and A3 (3) were converted to 5 and 6, respectively (70% and 78%). To a solution of hydroxylamine hydrochloride (209 mg) and sodium acetate (245 mg) in methanol (10ml) was added compound (4, 554mg) in an ice bath.
IR vmax (KBr
After stirring for 2 hr at 0°C, the mixture was concentrated in vacuo and diluted with ethyl acetate (100 ml) and benzene (100 ml). The resulting mixture was washed with H2Oand brine, dried over Na2SO4, and evaporated under reduced pressure. Silica gel column chromatography of the residue (3 : 2 hexane-ethyl acetate) gave 130mg of7 (22.8%) and 1: 3466, 2962, 2929, 2872, 1781, 1740, 1714, 1674, 1639, 1456, 1434, 1384, 1366, 1336, 1316, 1272, 1190, 1183, 1119, 1047, 1009, 1000, 963, 944. !H-NMR (CDCI3) S: 6.03-6.02 (1H, m, H-C(3)); 5.88 (1H, dt,7d= ll.3Hz,7t=2.0Hz, H-C (9) 
